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Abstract In the present work, a phytocomplex formed by
ethanol extract of Bryophyllum pinnatum (Lam.) Oken
(EEBP) and B-cyclodextrin (BCD) has been prepared at
weight proportion of 1:1, characterized through several
physical chemistry methods, and incorporated in an oil-in-
water emulsion in order to evaluate its topical anti-in-
flammatory effect. Changes in the spectra of infrared and
UV/VIS as well as TGA and DTA curves suggested the
existence of interactions between components of extract
and BCD. The incorporation of BCD to the extract also
promoted an increase in the zeta potential of the aggregates
spontaneously formed in water, with consequent reduction
of their size. The in vitro antioxidant activity was also
evaluated, showing an improvement of the radical-scav-
enging ability in presence of PBCD. Finally, the topical
application of EEBP/BCD semi-solid formulation signifi-
cantly inhibited the ear edema induced by Croton oil if
compared with free EEBP, justifying the use of phy-
totherapic formulation based on B. pinnatum as a remedy
for skin disorders.
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Introduction

In the last decades, many research groups and pharma-
ceutical companies in the whole world have improving
their technologies based on the guiding principles of green
chemistry, aiming to minimize the use of potentially haz-
ardous substances in production of drugs, reduce the gen-
eration of waste and operate in other environmentally
friendly ways. In this context, the natural products repre-
sent an appropriate alternative on the synthetic therapeutic
arsenal and play an important role due to the synergic
effects among the different constituents [1].

In the field of phytotherapy, the effectiveness of many
species of medicinal plants depends on the appropriate
delivery of active compounds in desired target. Under
this aspect, the poor bioavailability together with low
solubility in water and the short chemical stability rela-
ted to physicochemical factors, such as pH, temperature
and light, have restricted the application of natural
compounds as pharmaceutical products. Thus, the
preservation of the structural integrity of bioactive
molecules requires many times the use of excipients and/
or incorporation in a finishing formulation with the
capacity to deliver them to the physiological targets
without losing any bioactivity [2-6].

In order to improve the bioavailability and ensure the
synergism among the active constituents of extracts, the
combination of herbal medicine with nanotechnological
devices has been proposed. In this combination, the
nanostructured systems might be able to potentiate the
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action of bioactive molecules with reduction of required
dose and side effects [1, 5, 6].

Actually, there are several methods to enhance the
bioavailability of natural extracts. For this purpose, their
association with cyclodextrins seems to be very promising
when compared with other methods, due to the possibility
of formation of inclusion compounds with components of
extract—phytocomplexes. They can deliver small mole-
cules at sufficient concentration during the entire treatment
period and directed to the desired site of action.

Cyclodextrins are macrocyclic, non reducing mal-
tooligosaccharides composed of glucose units linked by o-
(1,4) glycosidic bonds. The most common cyclodextrins are
-, B- and y-cyclodextrin, which are composed of six, seven
and eight glucopyranose units, respectively. The size of
cyclodextrin cavity allows selectivity for the complexation
of guest molecules, and, therefore, they have the ability to
form inclusion complexes stabilized by non-covalent inter-
actions with a wide variety of compounds [7-11].

Microencapsulation in B-cyclodextrin (BCD) has been
successfully applied with isolated plant bioactive com-
pounds, such as alkaloids [12], phenolic acids [13, 14],
polyphenolics compounds [15, 16] as well as complex
mixtures, like olive leaf extract [3], propolis balsam [17],
hibiscus anthocyanins-rich extract [4], flavonoid-rich
extract [5], which improved different biological activities.

Bryophyllum pinnatum (Lam.) Oken (BP), known in
Brazil as “Folha da Fortuna”, is a native plant from
Madagascar belonging to Crassulaceae family, which has
been found throughout the hot and moist parts of Asia,
Australia, New Zealand, Africa, and America. The leaves
are widely used in traditional medicine due to their bio-
logical activities for the treatment of several diseases,
including inflammation and oxidative processes [18-20].

In a recent paper, it was demonstrated that the ethanol
extract of BP (EEBP) leaves presented a marked anti-in-
flammatory effect in acute and chronic cutaneous inflam-
mation. This activity was ascribed to the action of
flavonoids in inhibition of different inflammatory targets,
especially the arachidonic acid pathway, justifying its tra-
ditional use as a remedy for skin disorders [21].

Various substances have been isolated and identified in
different extracts and fractions of BP such as phenols,
phenyl propanoids, flavonoids, triterpenoids, steroids,
saponins and alkaloids [19, 22, 23]. Considering that sev-
eral of these substances are thermo or photosensible, and
based on the fact that there are many studies about the
improvement of biological activity of plant extracts by
cyclodextrins, the main objective of this work was to
describe a new semi-solid formulation constituted by
phytocomplex of the ethanol extract of BP leaves with
BCD (EEBP/BCD).
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Initially the EEBP/BCD phytocomplex was obtained by
co-precipitation method combined with lyophilization.
Afterwards, it was studied using UV/VIS and FTIR spec-
troscopies, dynamic light scattering (DLS), zeta potential
(ZP), thermogravimetric analysis (TGA) and differential
thermal analysis (DTA). In addition, the antioxidant
activity of EEBP and EEBP/BCD phytocomplex were
evaluated using two different assays (2,2-diphenyl-1-
picrylhydrazyl (DPPH) radical scavenging method and
ferric reducing antioxidant power (FRAP) assay. Finally,
the topical anti-inflammatory effect of the semi-solid for-
mulation of EEBP/BCD was evaluated by acute mice ear
edema induced by Croton oil, measuring the ear weight and
myeloperoxidase (MPO) activity, followed by histopatho-
logical analyses of ear tissue samples sensitized with
Croton oil.

Materials and methods
Plant material

Bryophyllum pinnatum (Lam.) Oken was cultivated and
collected in Juiz de Fora, Minas Gerais State, Southeast
region of Brazil (21°46'10, 46013”"S and 43°21'49,
88313”W), in May 2014. The species was identified by
Dra. Fatima Regina Gongalves Salimena and a voucher
specimen (CESJ Number 46575) was deposited in the
Herbarium of the Federal University of Juiz de Fora,
Brazil.

Extract preparation

Dried and powdered leaves (500 g) were exhaustively
extracted with ethanol (1.5 L) by static maceration at room
temperature every 48 h for 20 times. The ethanol extract
(EEBP) was filtered and evaporated under a rotary vacuum
evaporator at controlled temperature (50-60 °C). This
product was placed in a desiccator with silica to yield 83 g
of extract (16.7 %).

Preparation of the phytocomplex

The phytocomplex formed between EEBP with BCD
(EEBP/BCD) was prepared by coprecipitation method [24—
26]. Briefly, 1.0 g of EEBP and 1.0 of BCD were dissolved
into 50 mL of 1:1 (v/v) ethanol/water mixture. This solu-
tion was stirred and hold upon heating at =50 °C during
24 h and then submitted to the freeze-drying process to
achieve the solid phytocomplex.
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Differential thermal analysis (DTA)
and thermogravimetric analysis (TGA)

Differential thermal analysis (DTA) and thermogravimetric
analysis (TGA) were performed using TGA/DTA modulus
STA7200RV from HITACHI, coupled to a photo visual-
ization system. Data were recorded for EEBP, CD, EEBP/
BCD and physical mixture (PM) at weight ratio of 1:1. The
experiments were carried out using a dynamic air atmo-
sphere of 50 mL/min, a heating rate of 10 °C/min, and
sensitivity of 1.0 °C. For each experiment, it was used
approximately 5 mg of sample, which was placed in open
pans of platinum.

Spectroscopic characterization

UV-Vis absorption spectra were recorded in a PerkinElmer
UV-Vis double beam spectrophotometer, model Lambda
25, equipped with a PC for data processing (Software: UV—
Win Lab®, from PerkinElmer), in spectral range of
190-700 nm. The spectra were recorded at 25 °C using a
peltier device for control of temperature. Samples for UV—
Vis experiment were prepared by initial dissolution of
2 mg of EEBP or 4 mg of EEBP/BCD phytocomplex in
0.5 mL of ethanol, followed by dilution in milli Q® water
up to final volume of 25.0 mL (2 % of ethanol v/v). In
order to guarantee the same extract concentration in both
samples, the final concentrations obtained were 80 and
160 pg/mL for EEBP and EEBP/BCD solutions, respec-
tively. Distilled water containing the same concentration of
ethanol was used as blank. Quartz cells of 3 mL and 1 cm
of optical path were used in the experiments.

The FTIR-ATR spectra of the samples were carried out
between 4000 and 450 cm™" using a Perkin Elmer Spec-
trum TonM, FTIR spectrometer coupled with PIKE
Attenuated Total Reflectance accessory (ATR). The sam-
ples were directly applied on diamond surface of ATR
modulus and the spectra were recorded as the average of 16
scans with spectral resolution of 2 cm ™. For the treatment
of the spectra, it was used the Perkin Elmer Spectrum ES
software (version 10.03.08.0133).

Hydrodynamic diameter

A Malvern Zetasizer Nano ZS particle analyzer using
polyethylene square cells was employed to measure the
average hydrodynamic diameter (Dy,) of EEBP and EEBP/
BCD phytocomplex by dynamic light scattering. The same
solutions used in UV-vis experiment were subjected to a
monochromatic light (4 mW He-Ne laser, wavelength
633 nm) and the scattered light intensity was measured at
an angle of 90°. The hydrodynamic diameters were

determined by the average of five independent measure-
ments, each of them obtained as the mean of 30 counts.

Zeta potential and electrical conductivity

Zeta potential (ZP) and electrical conductivity experiments
were also performed using the Malvern Zetasizer Nano ZS
equipment. The ZP was determined by means of the Laser
Doppler Micro-electrophoresis technique, at scattering
angle of 173° [27], using a disposable cell folded capillary
(DPS1060). The ZP values were calculated as the average
of ten independent measurements, each of them obtained as
the mean of 30 counts. The same solutions used in UV—vis
experiments were also used here.

Preparation of the semi-solid formulations

The BCD, EEBP and EEBP/BCD phytocomplex were
incorporated into an oil-in-water anionic emulsion (AE)
designed for topical administration. Both phases of AE
were obtained separately by mixing the ingredients at
75 °C for 30 min. Oil phase was added dropwise to the
water phase upon agitation in order to obtain the emulsion.
Excipients amounts used for preparation of AE are shown
in Table S1 in Supplementary Material.

For preparation of the semi-solid formulations, BCD,
EEBP or EEBP/BCD phytocomplex were initially sus-
pended in 1.0 mL of propyleneglycol and then incorpo-
rated into emulsions at the following concentrations: 0.05,
0.125 and 0.25 % for BCD and EEBP, and 0.1, 0.25 and
0.5 % for EEBP/BCD. The amount of EEBP was the same
in the AE + EEBP and AE + EEBP/BCD samples.

Rheological characterization

Rheological behavior of the formulations (AE, AE + BCD,
AE + EEBP and AE + EEBP/BCD) was investigated
through the steady flow rheometry in a controlled shear rate
rheometer R-180 from Prorheo®, using the DIN standard
53 019 measuring system, which consist of a cup
(d =26.03 mm, V =25 mL) and a bob (d = 24.00 mm,
h = 36.00 mm). The samples were pre-sheared by 2 min
and then they were subjected to a cyclical variation of
shear rate: from 100 to 1000 s~ and from 1000 to 100 s~'.
The shear rate was varied in 20 linearly spaced steps what
took 30 s to be completed. The data were initially handled
by using the software RHESY from Prorheo® and subse-
quently, they were exported to the compatible format for
Microcal Origin® 7.0. The measurements were performed
at 30 °C using an external thermostatic bath.
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Antioxidant Assays

The antioxidant activity of EEBP and EEBP/BCD phyto-
complex was determined by two methods, namely DPPH—
radical scavenging capacity and FRAP—ferric reducing
power, following the procedures described by Mensor et al.
[28] and Oyaizy [29, 30], respectively. Experiments were
performed in triplicate and rutin was used as positive
control.

Determination of antioxidant activity by the scavenging
of the stable radical DPPH-

For the calculus of the percentage of the radical scav-
enging activity (%RSA), the following solutions were
prepared: (1) samples solution—by mixing of 2.5 mL of
the sample in the desired concentration with 1 mL of
DPPH solution (0.3 mM); (2) blank sample solution—by
mixing of 2.5 mL of the sample in the desired concen-
tration with 1 mL of solvent; (3) control solution—by
mixing of 2.5 mL of solvent with 1 mL of DPPH solution
(0.3 mM); and (4) blank control solution—only the sol-
vent. In all cases, 90 % (v/v) ethanol/water solution was
used as solvent. After incubation of 30 min in the dark
and at room temperature, the absorbance of solutions was
measured at 515nm in a spectrophotometer
(SHIMADZU®, UV-1800). The %RSA was calculated by
the following equation:

Ab sam, e_Ab anksample
% RSA = 100 — K Ssample — 2% blanksamp! )xlOO]

ADScontrot — Abs negativecontrol

(1)

The EEBP and EEBP/BCD solutions were prepared in
the concentration range from 1 to 750 pg/mL and the rutin
solution was prepared in the concentration range from 1 to
30 pg/mL. The ICsq value for each sample, defined as the
antioxidant concentration required to scavenge 50 % of the
free radicals present, was calculated from the nonlinear
regression curve of Log concentration of the test extract
(ng/mL) against the mean percentage of the radical scav-
enging activity [28].

Determination of antioxidant activity by the ferric ion
reducing antioxidant power (FRAP)

For this experiment, 1 mL of each sample was mixed with
2.5 mL of phosphate buffer (200 uM, pH 6.6) and 2.5 mL
of 1 % potassium ferricyanide. The mixtures were incu-
bated for 20 min at 50 °C. At the end of the incubation,
2.5 mL of 10 % trichloroacetic acid was added to the
mixtures and centrifuged at 3000 rpm for 8 min. The upper
layer (2.5 mL) was mixed with 2.5 mL of distilled water
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and 0.5 mL of 0.1 % ferric chloride. The absorbance was
measured at 700 nm spectrophotometer (SHIMADZU®,
UV-1800). The blank solution was prepared by substituting
1 mL of sample for 1 mL of distilled water. ICsy (50 %
inhibitory concentration) values (pug/mL) were calculated
and indicated the inhibitory concentration at which the
absorbance was 0.5 for reducing power.

Anti-inflammatory assay
Animals

Male Swiss albino mice (Mus musculus) (45-55 days)
weighting 25-30 g were used in the experiments. The
animals were provided by the Central Biotery of the Fed-
eral University of Juiz de Fora. After acquisition, the ani-
mals were grouped and housed in plastic cages
(47 x 34 x 18 cm’) under a 12 h light/12 h dark cycle at
room temperature (22 £ 2 °C), received balanced feed
Nuvilab Rodents (Nuvital Nutrients, Colombo, Brazil) and
had free access to water. Animal care and the experimental
protocol followed the principles and guidelines suggested
by the Brazilian College of Animal Experimentation
(COBEA) and the EC Directive 86/609/EEC for animal
experiments. Experiments were approved by the local
Ethical Committee (Protocol Number 105/2012).

Croton oil single application-induced mice ear edema

Croton oil-induced ear edema in mice was performed
according to the method described by Schiantarelli et al.
[31]. Ear edema was induced (n = 7/group) by topical
application of 20 mL of Croton oil 2.5 % (v/v) in acetone
on the inner surface of the right ear, while the left ear
received 20 mL of acetone (vehicle). After 15 min, semi-
solid formulation with EEBP (AE + EEBP) (0.05, 0.125
and 0.25 %), semi-solid formulation with EEBP/BCD
(AE + EEBP/BCD) (0.1, 0.25 and 0.5 %) and dexam-
ethasone (0.1 % as positive control) were topically applied
on the right ear. The negative control group received 20 uL.
of acetone on the right ear. The ear edema was evaluated
6 h after Croton oil application and measured by the dif-
ference of weight (mg) between right and left (non-in-
flamed) ears. For this, the animals were euthanized with
overdose of ketamine and xylazine and ear tissue samples
(6 mm diameter) were collected of each animal using a
metallic punch (Richter, Sao Paulo, SP, Brazil). After
weighing, ear tissue samples (6 mm) were conserved in
10 % formaldehyde (v/v) and submitted to histopatholog-
ical analysis.
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Leukocyte infiltration markers

The inflammatory cell infiltration in the edematous mouse
ear was estimated by myeloperoxidase (MPO) activities, a
neutrophil marker [32]. The method of Bradley et al. [33]
modified by Deyoung et al. [32] was used in order to
evaluate the enzymatic activity. Firstly, the samples were
homogenized in phosphate buffer (80 mM, pH 5.4) con-
taining 0.5 % HTAB and centrifuged at 3.000 rpm at 4 °C
for 10 min, and the supernatant was removed. For the MPO
activity measurement, 25 pL. of supernatant was added to
25 uL of 3,3,5,5-tetramethyl-benzidine (1.6 mM) in
DMSO, 100 pL of 0.003 % H,O, v/v in phosphate buffer
(0.08 M, pH 5.4) in a 96-well plate and incubated at 37 °C
for 5 min, to start the reaction. To stop the reaction, the
microplates were incubated in an ice bath a 4 °C, and 100
pL of sulfuric acid was added. The absorbance of all
reactions was measured in a Thermoplate TR-Reader®
microplate reader and the coloration intensities were
assessed at 450 nm. The values are expressed as optical
densities, corrected for the protein content, which was
measured by the method of Lowry et al. [34] and Sargent
et al. [35]. Experiments were done in triplicate.

Histopathological analysis

Ear tissue samples preserved in formaldehyde 10 % (v/v)
were fixed in 70 % ethanol for 24 h. Subsequently, the
tissues were dehydrated, blocked in paraffin and then sec-
tioned with a microtome (5 mm) (TBS Cut 4060 Rotary
Microtome, Thermo Fisher Scientific Inc., Pittsburgh, PA).
The transverse sections were stained with hematoxylin and
eosin (H&E) for the evaluation of edema (dermis) thick-
ness, epidermal hyperplasia, inflammatory cells infiltration
and vasodilation. Representative areas were selected for
qualitative light microscopic analysis (BX 51 Olympus
microscopy, Olympus Optical Co., LTD, Hatagaya, Shi-
buya-ku, Tokyo, Japan; magnification: 200x) and images
were captured (photomicrograph) through the Image-Pros
Plus software (version 6.0, Media Cybernetics, Inc., USA),
which was also used to acquire measurements of ear
thickness (mm) of tissue samples. A representative section
from each group of animals was selected to show the
histopathological changes. The measurements were made
at five different points of each section and each group was
represented by four section (n = 4).

Statistical analysis

Data were expressed as mean £+ S.E.M. Statistical signifi-
cance was analyzed by the one-way analysis of variance
(ANOVA) followed by the Student Newman-Keuls test as
post hoc. P values below 0.05 were considered significant.

Results and discussion
Spectroscopic characterization of inclusion complex

The FTIR spectra of BCD, EEBP and EEBP/BCD phyto-
complex are displayed in Fig. 1, which were used to verify
the formation of interactions between PCD with compo-
nents of the extract. The BCD spectrum is in accordance
with those previously described in literature, with main
absorptions at 3391, 2929, 1157, 1179, 1022 and
941 cm™', which correspond to the symmetric and
antisymmetric stretching of Vv[OH], v[CH,], v[C-C],
bending vibration of v[O-H] and the skeletal vibration
involving (o-1,4 linkage), respectively [36].

The EEBP spectrum showed bands at 1039, 1610, 1736,
2855-2922 and 3305 cm™' that can be associated to the
stretching of C-O, C=C (aromatic), C=0, C-H and O-H
bonds, respectively [37-39]. Moreover, the range between
900 and 1130 cm ™" was similar to those observed in FTIR
spectra of compounds containing glucopyranosyl units,
even suggesting the existence of glycosylated flavonoids in
the components of extract [36].

In the EEBP/BCD spectrum, significant changes in the
shape and position of the vibrational bands were observed, as
result of interactions between extract components with the
BCD. The EEBP bands at 1039, 1371 and 1313 cm ™' were
shifted towards 1023, 1358 and 1301 cm ™! respectively,
while the bands at 924, 1707, 1600, 1517, and 3305 cm ™"
had their intensity reduced or disappear. These changes were
ascribed to be due to the vibrational restriction of molecules
upon inclusion or association with fCD.

The UV-Vis spectroscopy was used in order to verify
the existence of interactions in solution. In the spectrum of
the EEBP (Fig. 2a), it can be observed four main bands at
269, 374, 400 and 670 nm. The band at 269 nm was
associated with the absorption involving the A-ring

'\/\//—V_\/\/‘/\l\ /\/\/\\W
b7
|V

— EEBP
—— EEBP/BCD phytocomplex
—BCD

r T T T T T T T T
4000 3600 3200 2800 2400 2000 1600 1200 800

v/ (em™)

Fig. 1 ATR infrared spectra of BCD, EEBP, and EEBP/BCD
phytocomplex
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Fig. 2 a UV-Vis spectra of EEBP with attributions of bands of the
main chromophores and b comparative UV-Vis spectra of EEBP and
EEBP/BCD phytocomplex

benzoyl system of flavonoids (band II) while the band at
374 nm was associated with B-ring absorption of cin-
namoyl system of flavonoids (band I) [21, 40]. The bands
at 400 and 670 nm were associated with chlorophylls [41].

Figure 2b illustrates a comparison between the UV-Vis
spectra of EEBP and EEBP/BCD phytocomplex where can
be observed clear changes in the presence of BCD. A
hypsochromic shift of band II was observed from 269 to
264 nm while a sharp change was observed in the range of
300400 nm. These modifications suggest interactions
between BCD and chromophore groups from flavonoids.
However, it is not possible to verify interaction with
chlorophyll in this case, due to no change in the band at
670 nm.

Differential thermal analysis (DTA)
and Thermogravimetric analysis (TGA)

TGA combined with DTA represent important analytical
tools to investigate the thermal stability of inclusion
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complexes [10, 42, 43]. In the Fig. 3a and b are shown the
DTA and TGA curves for EEBP, BCD, EEBP/BCD and
PM, obtained in dynamic atmosphere of air, in the range of
25-300 °C. The complete curves, in the range between 25
and 800 °C, are presented in the Figure S1 of Supple-
mentary material.

As can be seen in Fig. 3a, BCD showed a loss of mass of
~16 % in the range 70-115 °C, corresponding to the
releasing of approximately twelve water molecules. In the
DTA curve, it was observed an endothermic peak started at
~70 °C, with a maximum at 95 °C, confirming the
dehydration. After this event, it remained stable until
~280 °C, when begins its decomposition [44].

In the TGA curve for EEBP, it was observed a thermal
stability of the extract until ~95 °C. Through photovisu-
alization system (see video data 1 in supplementary
material), it was possible to observe that the extract forms a

1004
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% m/m,

704 - EEBP
— EEBP/RCD
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60 -
50 L+ T T T T T T T T T T 1
50 100 150 200 250 300
T/(°C)
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o ——BCD
3 | 304 | EEBP
- EEBP/SCD
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2
<
B

endo
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Fig. 3 a TGA curves and b DTA curves for BCD, EEBP, EEBP/BCD
and PM at weight ratio 1:1. Experiments were performed in dynamic
atmosphere of air. The overall curves in the range from 25 to 800 °C
are shown in supplementary material (Fig. S1)
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molten mixture at around 100 °C followed by consecutive
thermal decomposition stages until 586 °C, when occurs
the calcination of the material.

Different from the EEPB, the EEBP/BCD phytocomplex
lost 8 % of its mass up to 128 °C. This event was
attributed to the releasing of remaining water molecules
present in the phytocomplex, once it occurred at the same
temperature of dehydration of BCD. Through video data 2
(available in supplementary material), it was possible to
visualize that within this range of temperature did not occur
the fusion of the phytocomplex, as result of interaction
between EEBP with BCD. Moreover, interactions of EBPP
components with BCD caused a sharp attenuation in the
DTA curve in the range between 100 and 200 °C. After
250 °C, a strong exothermic peak in DTA curve was
observed, matching with decomposition of BCD.

The DTA and TGA curves for PM did not overlap the
EEBP/BCD curves, indicating also that in presence of BCD
there are intermolecular interactions resulting from the
contact of the components during the preparation of the
samples, which alter the thermal stability of the material.

Colloidal characterization of EBPP and EBPP/BCD
phytocomplex in ethanol/water mixture

In order to assess the ability of BCD modulate the self-
aggregation of EEBP and EEBP/BCD in water/ethanol
mixture (98:2 v/v), the colloidal properties of the so-
formed aggregates were investigated by measurements of
electrical conductivity (), average hydrodynamic diameter
(Dy) and zeta potential (ZP).

Figure 4a shows the average (Dy,) for the two suspen-
sions, where it can be observed the presence of nanometric
structures resulting from self-aggregation of the extract
components. In presence of BCD, a sharp reduction of size
of the assemblies was observed, confirming the modulating
effect of BCD on particles size. A possible mechanism
involved in the reduction of size is the partial solubilization
of extract components with subsequent formation of
inclusion compounds [45].

Electrical conductivity was used to evaluate the ion-
ization profile of the above described samples, since the
presence of ions in solution helps to stabilize nanostruc-
tures through adsorption in their surfaces [46]. From
Fig. 4b, it can be seen that the electrical conductivity of the
EEBP/BCD solution increased significantly in relation to
the EBPP solution. This change was attributed to the partial
ionization of the PCD, with consequent releasing of H
ions to the aqueous environment and transference of ionic
species from aggregates to solution.

The last step of the colloidal characterization was
accomplished by zeta potential measurement, which is a
measurement of the electrostatic energy on surface of
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Fig. 4 Colloidal characterization of EEBP (80 pg/mL) and EBPP/
BCD (160 pg/mL) aqueous solutions by a hydrodynamic diameter
measurement by DLS, b electrical conductivity and ¢ zeta potential at
25 °C

particles (Fig. 4c). In this case, negative ZP values are
found for the both EEBP and EEBP/BCD aggregates,
indicating the existence of negative charges on the particles
surface. These results comply with the higher electrical
conductivity values found for EEBP/BCD phytocomplex,
suggesting therefore a greater degree of ionic adsorption,
which contributes to increase the electric repulsion between
the particles and hinder the coalescence and the growing of
the particles. Moreover, the more negative ZP values for
EEBP/BCD might be resultant from the localization of
ionized cyclodextrins at nanoassemblies surface. The
numeric data of Fig. 4 is also showed in Table S2 in sup-
plementary material.

Antioxidant effect of EEBP and EEBP/BCD
phytocomplex

The presence of flavonoids containing phenolic OH groups
confers to the B. pinnatum extracts antioxidant profile [21].
Thus, the antioxidant activities of EEBP and EEBP/BCD
phytocomplex were evaluated by using two electrons
transfer reactions, each of them using different chro-
mogenic redox reagents with different standard potentials.
The first one was the 2,2-diphenyl-1-picrylhydrazyl radical
scavenging capacity (DPPH-SC) and the second one was
the ferric ion reducing antioxidant power (FRAP), both
assays were monitored spectrophotometrically.

For the both experiments, the association between EEBP
and BCD improved significantly (P < 0.05) the antioxidant
activity of phytocomplex when compared with EBPP. In
DPPH-SC assay, the ICso value of EEBP for DPPH radi-
cals was 12.27 £ 0.38 pg/mL, while for EEBP/BCD
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Fig. 5 Flow and viscosity curves for different concentrations of a AE + BCD, b AE + EBPP and ¢ AE + EEBP/BCD. Experiments performed
with loop of shear rate varied from 100 to 1000 s_l, and vice versa, at 30 °C

phytocomplex was only 7.03 £ 0.92 pg/mL. Rutin
appeared to be a strong DPPH scavenging agent with an
ICsy value of 8.37 £ 0.23 pg/mL. The DPPH radical-
scavenging ability of an antioxidant is thought to be closely
associated with its hydrogen-donating ability [47]. Thus,
when BCD is conjugated with EBPP, one or several
hydrogen bonds can be formed between —OH of the
polyphenols constituents of EEBP with the oxygen atoms
of the cyclodextrins. These hydrogen bonds would weaken

@ Springer

the covalent bonds between hydrogen and oxygen in the
hydroxyl groups, which in turn would make the hydrogen
donation easier.

When antioxidant activity was evaluated by the FRAP
method, EEBP/BCD phytocomplex also showed a stron-
gest antioxidant activity (ICso = 387.21 £ 1.12 pg/mL)
in comparison with EEBP (ICs5y = 536.90 £ 1.69 ng/
mL). Rutin appeared to have a strong antioxidant activity
with an ICsq value of 206.7 £ 1.1 pg/mL. According to
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A Ear welght

Fig. 6 Topical effect of formulations containing EEBP (0.05, 0.125
and 0.25 % w/w) and EEBP/BCD (0.1, 0.25 and 0.5 % w/w), on
Croton oil induced mice ear edema. Dexamethasone at 0.1 % w/w
was used as positive control and 20 pL of acetone as negative control.
After 6 h of challenge, the ear edema was evaluated based on the
increase in ear weight (AEar weight/mg), obtained by the difference
between the right ear (inflamed) and the left ear (non-inflamed). The
bars represent the mean & SEM (n = 7). ***P < 0.001 represents
the significance level when formulations were compared with
negative control group. *P < 0.01 represents the significance level
when EBPP and EBPP/BCD groups were compared among them.
ANOVA followed by Student-Newman—Keuls test as post hoc
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Fig. 7 Effect of EEBP (0.05, 0.125 and 0.25 % w/w), and EEBP/
BCD (0.1, 0.25 and 0.5 % w/w) formulations on MPO activity
induced by Croton oil. DEXA 0.1 % w/w was used as positive control
and 20 pL of acetone as negative control. MPO activity determined
after 6 h of challenge. The bars represent the mean £ S.E.M (n = 6).
P < 0.001 represents the significance level when compared with
basal (group without inflammation). ***P < 0.001 represents the
significance level when compared with negative control group.
#p <0.01 and "*P < 0.001 represents the significance level when
EBPP and EBPP/BCD groups were compared among them. ANOVA
followed by Student—Newman—Keuls test as post hoc

Lue et al. [48], the hydrophobic compounds may not be
readily accessible in an aqueous system for the reduction
of ferric ions. Since this assay was carried out in an
aqueous solution, the aqueous solubility of the antioxidant
being tested would be expected to have an effect on the
outcome. Thus, the increase in ferric reducing power of
EEBP/BCD was likely related to the improvement in its
solubility.

Rheological characterization of the topical
formulation

Rheological studies permit to gather several information
about emulsions and predict their performances during
production and after application. From Fig. Sa—f it is pos-
sible to observe the shear stress (t) and viscosity (M)
variations due to the increasing and decreasing shear rate
(¢) applied during the rheological tests on formulations.

In general, the results obtained show that all emulsions
can be considered pseudoplastic (nonNewtonian) fluids
because their t values were not linear with ¢ and because N
reduced upon applied shear rate. The explanation for this
behavior is given in terms of the destruction of colloidal
aggregates of the components of Lanette (higher fatty
alcohols and alkyl sulfates) by the application of shearing.
The highest reduction in viscosity (approximately 50 %)
occurred up to @ 400 s~'. Above this value, the fluids
reached the steady state and therefore the changes in vis-
cosity were low for all studied conditions.

These data suggest that the optimum shear rate for
processing the sample is around 400 s™', which in turn is a
typical value for industrial operations, such as mixing,
stirring, transportation in pipelines and spraying fluid onto
superficies [49]. On the other hand, it would be expected
that at rest or at very low shear rate (storage condition), the
fluid would exhibits very large viscosity.

According to the Fig. 5a—f, the dissolution of BCD,
EBPP and EBPP/BCD phytocomplex in AE caused dif-
ferent effects on viscosity of formulations as result of
different mechanisms of interactions between solutes with
components of emulsion. In presence of BCD (Fig. 5a, b),
both T and m values reduced with increase of BCD con-
centration. For AE + EBPP system, the behavior was
similar. Increasing concentration of EBPP also caused
reduction of T and n values (Figs. Sc, d). It is believed that
BCD and EBPP components act to favor of the breakdown
of nanostructures present in Lanette, increasing therefore
the fluidity of the cream.

Regarding the formulations containing EEBP/BCD at
0.1 % (Fig. Se, f), it can be observed that dissolution of
phytocomplex in the anionic matrix caused an initial drop
in both T and 1 values. However, as the EBPP/BCD con-
centration is increased, the shear stress and viscosity values
returns to the initial values, suggesting the existence of a
compensatory effect on rheological properties as the con-
centration is increased.

Anti-inflammatory activity of the topical
formulation

Mice ear edema is a well-established model of acute
inflammation that has been used in the investigation of
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Fig. 8 Photomicrograph of
transverse sections of H&E-
stained mice ear tissue
sensitized with topical single
application of Croton oil
examined under qualitative light
microscopy (magnification:
%200, scale 50 um). a Non-
inflamed ears: left ear that
received only acetone;

b Negative control group:
inflamed ear that received

20 pL of acetone; ¢ Positive
control group: inflamed ear that
was treated with dexamethasone
(0.1 %); d Inflamed ear that was
treated with EEBP (0.25 %);

e Inflamed ear that was treated
with EEBP/BCD (0.5 %). The
number 1 indicates the ear
thickness (edema). The arrows
with number 2 and 3 indicate
inflammatory cells (infiltration
of polymorphonuclear
leucocytes) and blood vessels
(vasodilation), respectively. The
shown sections are
representative of 7 animals per
group, and images were
captured through the Image-
Pro® Plus software (version 6.0,
Media Cybernetics, Inc., USA)

Table 1 Effect of formulation
with EEBP and EEBP/BCD
complex on ear edema thickness
induced by Croton oil
application

Group Concentration Ear thickness (pm) Edema inhibition (%)

155.55 + 20.14 -

Non-inflamed -
Acetone (vehicle) 20 pL/ear 327.77 £ 15.33 0

0.05 % 215.11 + 41.8 34.37
EEBP 0.125 % 211.15 £ 24.5% 35.57*
0.25 % 193.77 + 6.46%* 40.88%*
0.1 % 205.47 £+ 18.22 37.31
EEBP/BCD phytocomplex 0.25 % 189.63 £+ 7.41* 42.14%*
0.5 % 155.57 £ 5.72%%* 52.53%%*
Dexamethasone 0.1 % 118.54 &+ 13.02 68.83

Values marked with (*) and (**) showed significant difference with P < 0.01

topical anti-inflammatory activity of several natural prod-  0.125 and 0.25 % w/w) and EEBP/BCD phytocomplex
ucts [50]. Concerning to the traditional use of B. pinnatum (0.1, 0.25 and 0.5 % w/w) on the increase of ear weight of
for the treatment of skin disorders [19-21], the inhibitory = male Swiss albino mice was assayed using Croton oil as
effect of the topical formulations containing EEBP (0.05,  irritant agent.
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Our findings showed a significantly reduction
(P < 0.001) of the ear edema when compared to the neg-
ative control group (34.06, 39.37 and 44.68 % for EEBP,
and 35.31, 58.12 and 65.62 % for EEBP/BCD phytocom-
plex) (Fig. 6). This anti-inflammatory activity may be
attributed to the synergism between anti-inflammatory and
antioxidant compounds [21]. In addition, the presence of
BCD or components of the anionic emulsion had no neg-
ative effect on anti-inflammatory activity of EEBP. As
expected, dexamethasone (positive control), a steroidal
anti-inflammatory drug, exerted elevated ear edema inhi-
bition (75.62 %, ~P < 0.001).

When the inhibitory effect of the formulations contain-
ing EEBP and EEBP/BCD phytocomplex were compared
among them, they were significantly (**P < 0.01) different
in the inhibition of ear edema at concentrations of 0.125
and 0.25 % of EEBP and their corresponding 0.25 and
0.5 % of EEBP/BCD, showing that BCD enhanced the
extent of EEBP anti-inflammatory action.

In order to evaluate the effect of BCD on the mechanism of
cell infiltration resultant from anti-inflammatory process, the
activity of myeloperoxidase (MPO) was measured in ear
slices, since it is an indicative of a polymorphonuclear
leukocytes influx [32, 33]. Figure 7 shows that EEBP and
EEBP/BCD formulations significantly inhibited MPO
activity induced by Croton oil when compared with the
negative control (***P < (0.001). These data also showed
that the inhibition of MPO activity promoted by EEBP at
concentrations of 0.125 and 0.25 % was significantly lower
than EEBP/BCD complex at 0.25 and 0.50 % (**P < 0.001),
reinforcing that BCD improved the anti-inflammatory effect
of EEBP. In addition, the dexamethasone significantly
inhibited the MPO responses in this model.

Histological analysis of the ear tissue clearly supported
the results described above. Photomicrographs revealed
that the edematous ears in untreated group (Fig. 8b, neg-
ative control) showed a significant increase of thickness at
the dermis when compared to non-inflamed ears (Fig. 8a,
basal). Expressive inflammatory cells (polymorphonuclear
leukocytes) infiltration and vasodilatation were observed in
the negative control group with the presence of connective
tissue disruption and extracellular matrix fibers
disorganization.

Figure 8d and e illustrate the effect of EEBP 0.25 % and
EEBP/BCD 0.5 % formulations on reduction of all
inflammatory parameters (ear thickness, inflammatory cells
infiltration and vasodilation), when compared to the neg-
ative control group. As expected, dexamethasone produced
the most pronounced effect in this model (Fig. 8c).

Table 1 presents the effect of EEBP and EEBP/BCD
formulations on ear edema thickness where it was observed
a significant difference (P < 0.01) among their inhibitory
ability at concentrations of 0.125* and 0.25** % of EEBP

and their corresponding 0.25* and 0.5** % of EEBP/BCD
complex.

Based on the present results, it can be considered that
the anti-inflammatory effect detected in the ear edema
model induced by Croton oil (acute) involves the inhibition
of arachidonic acid (AA) pathway with reduction of the
vasodilatation, leukocyte infiltration and edema. This
mechanistic hypothesis is supported by the presence of
flavonoids in EEBP, previously reported in the literature
[21] and corroborated by UV-Vis spectroscopic data.
Flavonoids are important antioxidant agents that prevent
the oxidative stress and inflammatory processes as
demonstrated in the current study [21].

The improvement of anti-inflammatory activity of
EEBP/BCD phytocomplex can be attributed to the presence
of BCD, which increased the bioavailability of EEBP and
caused the rise of solubility, thermal stability and different
mechanisms of interaction with anionic emulsion. More-
over, inclusion complexes can accumulate in inflamed
tissues through the formation of hydrogen bonds of
hydroxyl cyclodextrins with cellular constituents, increas-
ing the residence time and promoting a sustained release of
the compound in the affected tissue [51].

Conclusion

In the present work, the phytocomplex composed by
ethanolic extract of B. pinnatum complexated with BCD
was incorporated in oil-in-water emulsion in order to pro-
duce a new semi-solid formulation. Physical-chemical
analysis of the phytocomplex allowed to confirm the
existence of interactions between BCD with components of
the extract, such as flavonoids. Such interactions are
responsible for hiding the fusion of the EEBP/BCD phy-
tocomplex and to lead to the formation of lower and more
stable nanostructures in water/ethanol solvent (98:2 v/v)
than those observed for pure EEBP. Moreover, the inter-
actions with BCD improved the in vitro antioxidant activity
in two electrons transfer based reactions, which was
thought to be due to the increase of the hydrogen-donating
ability and increase of solubility of the extract components.
Finally, through anti-inflammatory in vivo assays, it was
possible to verify that topical application of EEBP/BCD
semi-solid formulations significantly inhibited the ear
edema when compared to the negative control group, as a
result of potentiation of anti-inflammatory and anti-oxidant
activities of EEBP by BCD, which provides greater
bioavailability for extract components and greater ability to
accumulate in inflamed tissues.
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